Introduction Reimbursement databases are potentially invaluable tools to develop and conduct pharmacoepidemiological studies on drug use. However, two types of factors that may influence the performance of a database can be distinguished: firstly, factors related to the constitution of the database, and secondly, factors related to the data. For the latter, we think that two are important: the presence of the drug in the database and the capacity to capture real-life use, both of which are influenced by the marketing status (e.g., OTC) and whether reimbursement is possible. Objectives To illustrate and discuss to what extent reimbursement databases are relevant tools to conduct drug utilization studies with regard to the data on drugs. Methods In order to illustrate the reliability of data in reimbursement databases, data from the main French national health insurance database (55 million individuals) were compared to national drug sales in France (units) during the same year. Results Depending on the ATC class, the capture in the database of drugs actually sold ranged from 32 to 81%. Discussion Capture of classes of drugs in the database may be explained by the specific characteristics of the French health insurance system (reimbursable drugs, OTC market share). These characteristics influence the studies that can be performed both in terms of the topic but also the methodology. This problem probably exists for the other reimbursement databases used worldwide. Conclusion Studies should be designed according to the strengths and weaknesses of reimbursement databases that were not originally developed for pharmacoepidemiology.
Introduction
Reimbursement databases are potentially invaluable tools to develop and conduct pharmacoepidemiological studies on drug use and are extensively used [1] . Compared to fieldbased studies, database studies present numerous advantages such as rapid access to a large number of patients and data but also the real observational character of the information gathered. However, a problem that is classically mentioned is the validity of the data, i.e., the concordance between real-life use and data from databases. Two types of factors may be distinguished. Firstly, there are factors related to the structure of the database: the population covered by the database may be limited to an administrative region (e.g., Saskatchewan), a socio-demographic category (e.g., Medicaid for the elderly), a treatment setting (e.g., ambulatory), or a population with a particular occupation (which is the case in France). Secondly, there are factors related to the data. In this case, two parameters are of great importance: the reimbursement of the drug (and thus its presence in the database) and the capacity to capture real-life use. The presence of a drug, or class of drugs, depends on the reimbursement policy of the organization concerned. For example, in reimbursement databases of private health insurance companies, such as health maintenance organizations (HMOs), several drugs may be excluded owing to nonreimbursement. Similar situations exist for public health insurance systems. Regional differences exist in the reimbursement of vaccines by the Medicaid system [2] , and in France, third-generation oral contraceptives are not reimbursed. The capacity to capture real-life use also depends on the health insurance policy but also on the patients. Indeed, data regarding certain drugs may be of limited value for research owing to an annual expenditure limit, beyond which medications have to be paid out-of-pocket by patients, and patients could decide not to claim reimbursement of a drug [3] . Additionally, reimbursement may depend on indication. For example, in the French national health insurance system one of the marketed forms of sumatriptan is not reimbursed for the treatment of cluster headache, while it is reimbursed for the treatment of migraine. Furthermore, adherence to treatment may of course contribute to the degree of capture.
The relative importance of the parameters related to the data will influence the data available on drugs in such databases and thus the use and conclusions of any study performed. In the current study this is illustrated using the major reimbursement database of the French national health insurance system, one of the largest in the world.
Methods
France has a publicly funded health system that systematically covers the population. Within this system, three main insurance schemes provide reimbursement for health services. The insurance scheme with which individuals are affiliated depends on their employment, but the modalities of drug reimbursement are identical for all French health insurance systems.
The Caisse Nationale de l'Assurance Maladie des Travailleurs Salariés (Cnam-TS) is the main French health insurance system both in terms of the number of covered patients and in terms of reimbursement expenditure. It covers all the medical reimbursement of all employees and their families and covers 87% of the population in France, i.e., 55 million individuals. All reimbursement data are centralized in a single database called Erasme.
The Cnam-TS publishes a yearly report (Medic'AM) from the Erasme database detailing the number of reimbursed drug delivery units (boxes or delivery devices) bought from community pharmacies [4] . To determine the ability of the Erasme database to capture drugs, the Medic'AM data for 2004 was compared to the national drug sales for the same year obtained from the French Medicines Agency [Agence française de sécurité sanitaire des produits de santé (Afssaps)],, which compiles pharmaceutical industry reports of drug delivery units sold to community pharmacies each year [5] , including parallel imports [6] , and is considered as a gold standard source of information on the French market.
We used data from 2004 because, at the time we performed this study, the data of the French Medicines Agency were available only through 2006, and the Agency indicated in its report that the most recent data could change and thus that it was recommended that these not be used [5] . Ninety classes of drugs were investigated but only some of those with sufficient sales (>1 million delivery units) were retained for illustrative purposes.
Both the Cnam-TS and the Afssaps use the ATC classification system, the Afssaps only describing second level codes. Thus the comparison was performed at this level by comparing the number of drugs reimbursed in each ATC class (second level codes) to the number of drugs available on the French market. It would have been interesting to compare the defined daily dose, but this information was not completely available for the two sources of data. The proportion of pharmaceutical forms (i.e., tablet, suppository, syrup...) available over-the-counter (OTC) in a class and the average price in euros of a delivery unit for all drugs marketed in France were also obtained. The presence of drugs available OTC in each class was determined from a French government report on the OTC market [7] . According to this report, the proportion of each class available OTC was classified as follows: null when the class had no OTC drug, low for up to 20% available OTC, medium for up to 50%, and high above 50%.
At this point it is necessary to explain how the drug market works in France. Firstly, in France there is a pharmaceutical monopoly and thus, all drugs are only available in pharmacies (community or hospital). Secondly two notions are tightly linked: that of delivery and that of reimbursement. When a drug is delivered (by a pharmacist) it is either prescribed or not prescribed. Certain drugs are prescription-only; others are available with or without prescription (OTC). Concerning reimbursement by the public health insurance system, for a drug to be reimbursed it needs to be on the list of reimbursable drugs and it needs to be prescribed. For example, third-generation oral contraceptives are prescription-only and thus require prescription to be delivered but are not reimbursed. Acetaminophen may be reimbursed and is available with a prescription or OTC, but will only be reimbursed if it is prescribed. Drugs in France are delivered in nondivisible units, often corresponding to 1 month's supply, irrespective of the prescribed quantity. There is no limitation on the amount of drugs to be sold with or without prescription. Drugs prescribed and purchased by the population receive different levels of reimbursement (0, 15, 35, 65, or 100%) that are set by the government for each drug when it gains market authorization. This drug reimbursement policy is the same for all health insurance schemes in France. The French market for drugs in terms of prescription/reimbursement is illustrated in Fig. 1 . Table 1 shows the great variability in the proportion of drugs captured in the Erasme database of the total number sold. Depending on the ATC class, it ranged from 32 to 81% [93% if non-steroidal anti-inflammatory drugs (NSAIDs) are taken into account)]. More than two-thirds of the prescription-only classes were found to have been captured in the database at least at a level of 60%. These classes mostly correspond to treatments for chronic disease. Average price of a delivery unit ranged from €2 (GB£1.8 or US$2.6) to €33 (GB£29.4 or US$43.7) but most remained below €15. The proportion of OTC drugs was high when capture was below 60%. The only exception was for the ATC code G03 (i.e., sex hormones and modulators of the genital system) where the proportion of OTC was low although 57% of the drugs were captured in the Erasme database (Table 1) .
Results

Discussion
The results show that the ability of the Erasme database to capture drug sales differed greatly among the ATC classes considered. Thus the use of this database to conduct a drug utilization study should be evaluated prior to performing a study. This variation did not seem to be associated with cost as the mean price was homogeneous. Despite no clear separation regarding OTC availability, the majority of the classes with high capture had a minority of products available OTC (proportion null to medium) and the level of OTC was high when capture was below 60%. Thus the percentage of OTC in the class seems to influence the capture. In the case of the ATC code G03, where the level of OTC is low, the low capture is due to the nonreimbursement of third-generation oral contraceptives ( Table 1 ). The proportion of capture for NSAIDs is striking but may be due to misclassification. Indeed, NSAIDs have two to four different ATC codes according to the substance concerned: for example, the ATC codes for ibuprofen are G02CC01, M01AE01, M02AA13, and M01AE51 [8] . Thus, it is possible that the two sources of data use ATC in a different manner, which may induce misclassification, but we are not able to verify this point.
The national health insurance systems in France impose no annual expenditure limit on any drug, and the vast majority of drugs are reimbursed, which helps explain why capture in the database was seemingly not affected by price. However, to be reimbursed the drugs need to be prescribed, which excludes capture of drugs obtained OTC. This is illustrated by a study reported by Lacroix et al. who did not succeed in assessing OTC use during pregnancy using the French health insurance reimbursement database of southeastern France [9] . Furthermore, certain prescription-only drugs, for example thirdgeneration oral contraceptives, are prescription-only but are not reimbursed. Such drugs belong to the ATC code G03: "sex hormones and modulators of the genital system" and account for approximately 40% of the oral contraceptives sold in community pharmacies in France [5] . This precludes use of reimbursement databases to investigate these, for example with regard to their safety [10] . Additionally, phosphodiesterase-5 inhibitors (e.g., sildenafil, vardenafil) are not reimbursed for their main indication, erectile dysfunction, which limits the use of this database to [5] investigate possible nonarteritic anterior ischemic optic neuropathy (NOIAN) [11] . These factors go some way to explain the relatively low capture of drug sales for this class of drug (57%). OTC availability for this class was marginal, but it may affect the capture of other drugs. For example, acetaminophen is frequently obtained in this way in France, which is reflected in the data presented (ATC code N02 includes acetaminophen).
Studies aiming to assess patterns of use or associated risk should make an attempt to circumvent this limitation. In some countries the market share of OTCs is low and/or the results of the study could be considered as a lower estimate of their effect [12] [13] [14] . For example, in Denmark very few NSAIDs are marketed OTC, and it is possible to conduct a study on this class of drugs without fear of major bias [15] . Another parameter to be taken into account is the relative market share that OTCs represent. Certain classes of drugs have a high proportion of products available OTC, but they represent only a small market share. For example, antacids that are available either OTC or with a prescription are frequently obtained OTC but are less used than proton pump inhibitors that are prescription-only and reimbursable. This explains the high proportion of OTC and high capture.
In the Erasme database, most drugs with capture of over 60% were prescription-only, but there were certain exceptions. For example, most vaccines sold were available OTC, yet they were the second most captured class of drugs. But this is not particularly surprising as most patients will visit their physician for administration of these and most vaccines are reimbursed.
The results observed and the differences between the classes of drug may be found in the other French reimbursement databases as the drug reimbursement policy is the same for all schemes in France. Furthermore, these probably exist in reimbursement databases found internationally as showed by Walley et al. [16] . The authors compared use of statins from proportion of the substances available over-the-counter (OTC) in the class, and the mean price per unit box are shown an administrative database used to reimburse pharmacists with data from a standard commercial source across 14 European countries and demonstrated that administrative databases record lower use [16] . Of course, this problem will depend on the drug reimbursement policy of the considered country, as we mentioned in the introduction. Such limitations have hindered previously reported studies, for example, Lambert et al., who used the California Medicaid database to assess the risk of developing type 2 diabetes mellitus with atypical antipsychotics, did not tackle the possible effects of exposure to ziprasidone or aripiprazole because neither was in the formulary [17] . Similarly, in an other study reported by Ward et al. who used the Saskatchewan database to study atypical antipsychotic agent compliance and the association with the risks of hospitalization note that the formulary restrictions ensured that the large majority of patients received risperidone, lowering the number of switches in this population [18] . Additionally, Gagne et al. note probable underestimation of the prevalence of drug use among pregnant women because OTC and complementary medicines were not captured in the Italian regional database they used [19] .
These variations in capture or presence of drugs have important consequences when a researcher intends to conduct a study using reimbursement databases. If the objective of the study is to characterize a real-life treatment pattern, all the drugs used in the source population must be captured in the database. For an etiological study, i.e., cohort or case-control, nested in the database, concerns regarding generalization of the study results may arise if some drugs, for various reasons, are under-or over-represented in the database when compared to the source population. Similarly, if the objective of the study is to assess the public health impact of the use of a class of drugs, results can be biased if not all drugs are represented. Another point to consider is that several databases do not include data on drugs used in hospitals (e.g., Erasme, GPRD, Medicaid, some HMOs, Memo). Depending on the objective of the study, this could be a concern or not. For example, a study intending to assess the persistence of a drug treatment is prone to underestimate this parameter if a marked proportion of patients had an extended hospitalization [20] [21] [22] [23] .
The current study presents several limitations. Although it is large, the Erasme database only covers 87% of the population in France. Other national health insurance systems cover farmers, their employees and the selfemployed, who are also able to obtain drugs from community pharmacies. Drug usage across these populations is unlikely to differ significantly, and thus the maximum capture of sales by the Cnam-TS database was approximately 87% of sales. The data presented herein were not adjusted for this, as it is impossible to verify the exact market share of the population considered by the Cnam-TS insurance system. This limitation precludes comment on capture in terms of absolute values, but does inform on the relative difference in capture between drug classes. As previously mentioned, the year 2004 was chosen to illustrate the problem owing to questionable validity of more recent data. This may be of limited importance since the type of problem will probably remain, regardless of reimbursement changes. It is also possible that the different use of ATC between the two sources of data may have induced misclassification (see explanation regarding NSAIDs above). Nevertheless, if this problem exists it concerns only a few classes of drugs well known to have several indications and thus several ATC codes. This reinforces the idea that researchers must be aware of how data are coded.
Another point is that every year there are some changes in the reimbursement policy in France, but as the changes have only a minor impact on all the market drugs, this cannot challenge our conclusions. Thus, this parameter does not change the message of this study: one must be aware of the data in the database before using it. There may also be a bias in timing when comparing data captured through the two separate sources since pharmacies may order drugs one month and dispense in another one. This too may be of limited importance because there are no rapid changes in utilization, switching in OTC status or hoarding due to reimbursement changes. Moreover the changes may also be too small to have important consequences on the data presented, which represented a high volume.
Despite these limitations, our results highlight the importance of taking into account the capacity for a reimbursement database to capture drugs. We believe that reimbursement databases, and in particular the Erasme database presented in this paper, are useful tools for pharmacoepidemiological research. Indeed, Erasme includes a large population and most of the drugs marketed in France. Thus, this database has been extensively used for 20 years for epidemiologic and pharmacoepidemiologic research [24] . It is crucial to know the structure of a database, especially if it was not originally developed for pharmacoepidemiological research.
Conclusion
The example of the Cnam-TS database (Erasme) highlights the importance of understanding the characteristics of reimbursement databases when performing research in order take into account the strengths and weaknesses. This is applicable to other such databases, whatever the country or objective of the study.
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